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Abstract: Swollen chitin, flake chitin, powder chitin, and mushroom paste were used as substrates for chitinase production by
Serratia marcescens GG5 in submerged fermentation. Enzyme production was 0.3 U/ml when the organism was grown in M9
medium supplemented with 0.5% swollen chitin and 0.5% soluble starch. Scanning electron microscopy revealed that Serratia
marcescens GG5 digested the chitin flakes by producing chitinase.
Key Words: Swollen chitin, Serratia marcescens, chitinase, production

Serratia marcescens GG5 ile Kitinaz Üretimi
Özet: Son yıllarda yapılan çalışmalarda, sıvı ortam fermentasyonunda Serratia marcescens GG5 tarafından kitinaz üretimi için substrat
olarak swollen kitin, tanecikli kitin, toz kitin ve mantar ezmesi kullanılmıştır. % 0,5 swollen kitin ve % 0,5 çözülebilir nişasta ilave
edilmiş M9 ortamında organizma büyürken enzim üretimi 0,3 U/ml’dir. Taramalı elektron mikroskobu (SEM), Serratia marcescens
GG5’in kitinaz üretimi sırasında kitin taneciklerini parçaladığını ortaya çıkarmıştır.
Anahtar Sözcükler: Swollen kitin, Serratia marcescens, kitinaz, üretim

Introduction
Chitin is a polysaccharide composed of -1,4 N-acetyl
D-glucosamine. It is highly distributed in nature, as a
constituent of insect exoskeleton, shells of crustaceans,
11
and fungal cell walls. More than 1 × 10 t is estimated
to be produced annually in marine waters alone, mostly
by copepods (1). Chitinases (E.C. 3.2.1.14) are enzymes
capable of hydrolyzing insoluble chitin to its oligo and
monomeric components. Chitinases are present in
bacteria and plants with a diversity of roles such as chitin
metabolism in growing hyphae, defense mechanisms in
response to pathogens, abiotic stress, and in nutrition and
parasitism. In addition, chitinases have been used for the
production of single-cell protein for animal and
aquaculture feed for the isolation of fungal protoplasts,
the preparation of bioactive chito-oligosaccharides, and
the phytopathogen inhibition and degradation of chitinrich waste materials (1,2). In spite of such industrial
significance, few of these applications have been exploited
mainly due to the constraints imposed by the high cost of

enzyme production. Different chitinous substrates that
have been reported in the literature for chitinase
production include fungal cell walls, crab and shrimp
shells, prawn waste, and flake chitin (1,3,4). The
production of inexpensive chitinase will be important, if
the use of chitinous wastes (shrimp shells, chitin from sea
food industry) will solve environmental problems (5). In
the present study, chitinase production was carried out
using various sources of chitin and successful scanning
electron microscopy (SEM) of degraded flake chitin.

Materials and Methods
Chemicals
Flake chitin and powder chitin were obtained from
Himedia and S.d.-fine chemicals (India). Mushrooms
(Agaricus bisporous) were obtained from local sources in
India. Swollen chitin was prepared as described by
Monreal and Reese (6). All other reagents used were of
the highest purity grade available.
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Microorganism and growth conditions

Serratia marcescens GG5 was isolated from
mushroom (Agaricus bisporous) stalk obtained from
Amar Mushroom Farm Haryana (India). The organism
was maintained as a suspension in 20% glycerol at -70
°C and was routinely cultured on M9 medium (0.7%
Na2HPO4, 0.3% KH2PO4, 0.1% NH4Cl, and 0.05% NaCl;
pH 7.0) supplemented with 0.5% swollen chitin. Growth
of the organism was measured by colony formation units
(cfu/ml) and, by determining the absorbance at 600 nm,
before the determination of absorbance, an aliquot was
passed through a coarse grade sintered glass filter (G-2),
which retained the particles of chitin but not bacteria.
One milliliter of inoculum (overnight culture) was used
to inoculate 100 ml of M9 medium supplemented with
0.5% swollen chitin and 0.5% of starch under shaking
(150 rpm at 30 °C) for 96 h. Culture supernatant was
obtained by centrifugation at 10,000 g, 4 °C for 10 min
and used as crude extracellular enzyme. Cells obtained
were washed twice and resuspended in 2 ml of 0.1 M
phosphate buffer (pH 6.5). The cells were disrupted by
ultrasonication using a sonicator—Braun Labsonic (4-5
bursts of 1 min each at 100% power). Cell extract,
obtained as supernatant after centrifugation at 13,000
g, 4 °C for 20 min, was used as crude intracellular
enzyme.
Enzyme assay
The assay mixture contained 1 ml of swollen chitin (10
mg/ml 0.1 M phosphate buffer, pH 6.5) and 0.5 ml of
enzyme solution. After incubation at 50 °C for 15 min, it
was centrifuged at 5000 × g for 10 min. The amount of
N-acetyl-D-glucosamine (GlcNAc) released in the
supernatant was determined as described by Reissig et al.
(7), using GlcNAc as the standard. One unit was defined
as the amount of enzyme that catalyzed the release of 1
μmol of GlcNAc in 1 min. The protein content was
estimated by the method proposed by Lowry using bovine
serum albumin as standard (8).
Preparation of mushroom paste
Fresh mushrooms were crushed in a mixer and then
paste of mushrooms and swollen chitin were used in 1:1
ratio for the chitinase production. Similarly, paste of
mushrooms was used as the sole carbon source to check
the growth and chitinase induction by Serratia marcescens
GG5
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Effect of native sources on chitinase production
The M9 medium was supplemented with different
sources of chitin 0.5% w/v (flake chitin, swollen chitin,
and powder chitin), and each flask was inoculated with
1% of seed culture of Serratia marcescens GG5.
Electron microscopy
SEM was performed on a JEOL Model JSM 6100
SMJEOL at 20 kV. Serratia marcescens GG5 was grown
in M9 medium supplemented with 0.5% flake chitin for
72 h. When the flakes looked digested by the action of
chitinase, they were extracted and fixed with 2%
glutaraldehyde. Proper dehydration was done with 30%,
50%, 70%, 90%, and 100% acetone solution. Small
pieces of fixed samples put on the stubs and sputter
coated with gold using a fine coat JEOL ion sputter model.
Then gold coated stubs were examined at different
magnifications under SEM at 20 kV (similarly control
flake chitin was processed).

Results
Growth kinetics and chitinase production by
Serratia marcescens GG5
Growth of Serratia marcescens GG5 increased
linearly in the first 16 h. Cell count (cfu/ml) increased
from 2 × 103 to 3 × 109. Production of enzyme was
observed during the stationary (48 to 96 h) phase of
growth. Maximum chitinase yield was 0.3 U/ml,
achieved after 96 h. However, after 120 h of
incubation, enzyme production was reduced by 50%.
pH of production medium shifted from 7.0 to 8.5 as
shown in Figure 1.
Effect of crude chitin substrates on chitinase
production
Each crude source (flake and powder chitin) was
used as 0.5% in M9 medium and chitinase production
was observed after 96 h, along with the growth of
Serratia marcescens GG5. The maximum growth was
observed in swollen chitin, followed by flake chitin and
powder chitin (Figure 2). Similarly the enzyme
production was maximum (100%) in swollen chitin,
followed by flake chitin and powder chitin, 50% and
25%, respectively.
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Figure 1. Growth kinetics of Serratia marcescen GG5, chitinase production, and pH shift in M9
medium supplemented with 0.5% swollen chitin and 0.5% soluble starch.
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Figure 2. Effect of crude chitinous substrates on growth of Serratia marcescens GG5, chitinase
production, and protein concentration.

Growth kinetics and enzyme production on
mushroom paste

Scanning electron microscopy of degraded flake
chitin

When mushroom paste was used as the sole carbon
source in M9 medium with Serratia marcescens GG5 then
0.015 U of chitinase was observed in the cell free broth.
Enzyme production increased to 0.14 U when mushroom
paste and swollen chitin were used together in the M9
medium (Figure 3).

Flake chitin was used as the sole carbon source in M9
medium with Serratia marcescens GG5 for 72 h. Figure 4
shows that the organism made flake chitin porous by
producing chitinase. Figures 4c and 4d show degradation
of flakes by released chitinase from the cells of Serratia
marcescens GG5.
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Figure 3. Growth kinetic and enzyme production in mushrooms.

Figure 4a. Scanning electron micrograph of flake chitin at a
magnification of 1000 × (Serratia marcescens free).
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Figure 4b. Scanning electron micrograph of flake chitin with attached
cells of Serratia marcescens GG5 (after 72 h): Digestion of
flakes and pore formation by the released chitinase, at a
magnification of 1000 ×.
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Figure 4c. Scanning electron micrograph of flake chitin with attached
cells of Serratia marcescens GG5 (after 72 h): Degradation
of flakes by the released chitinase.

Figure 4d. Scanning electron micrograph of chitin flakes: Degradation
of flakes by the released chitinase with attached cells of
Serratia marcescens.

Discussion

sources like chitin powder and chitin flakes for chitinase
production by Thermococcus chitonophagus. Fluorescent
Pseudomonad strain gave higher chitinase yield with crab
shell chitin (13).

In our previous work (4), chitinase production by
Serratia marcescens GG5 was 0.2 U/ml in M9 media that
was supplemented with 0.5% swollen chitin. In the
present study, the use of 0.5% soluble starch along with
0.5% swollen chitin improved (50%) the production of
chitinase by Serratia marcescens GG5. There was no
intracellular chitinase produced by the bacterium. In
general, no defined medium has been established for
chitinase production from different microorganisms. Each
organism has its own requirement of special conditions
for maximum enzyme production (1). Amounts of
extracellular chitinases exponentially increased to reach
their maximum values in the stationary phase (18-20 h)
of growth. Joo (9) described the stimulatory effect of
starch and glucose in Streptomyces halstedii. Mahadevan
and Crawford (10) also reported the stimulatory effect of
starch, pectin, laminarin, and -glucan on chitinase
production by Streptomyces lydicus WYEC108.
Monreal and Reese (6) reported that the nature of the
chitin is important for obtaining high chitinase yields by
Serratia marcescens and little enzyme was produced when
the organism was grown on mushroom chitin and on
beetle chitin. Shrimp chitin was also reported to be
somewhat better, but by far the best yields were on
swollen chitin. Xia (11) used 1% milled flake chitin in the
production medium of Aspergillus fumigatus YJ-407.
Andronopoulon and Vorgias (12) used different chitin

Streptomyces lydicus WYEC 108 produced a high level
of chitinase in the presence of cell wall chitin of
Aphanomyces sp. and Phythium ultimum (10).
Enterobacter sp. NRG-4 produced a high level of chitinase
when grown in the presence of fungal cell wall of Candida
albicans and Fusarium maliniforme (1). Electron
microscopy of digested flake chitin showed that chitinase
from Serratia marcescens GG5 is effective enough for the
digestion of chitin waste from the sea food industry. The
complete characterization of this chitinolytic enzyme may
be an important element in the near future for the
degradation of shrimp shell waste also (but it needs a
large amount of chitinase), which will solve environmental
problems. We are now cloning the chitinase gene in order
to understand the mechanism of regulatory control in the
production of chitinase in Serratia marcescens GG5.
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